In the work reported in this paper a glass electrode was developed which has a comparatively thick wall and a direct metallic connection to the glass. This makes a very durable apparatus and eliminates one standard electrode from the circuit.
, paraffin, zeolite minerals (19, p. 252), and benzene (5) . Borelius (8, p. 447) summarize concisely three possible conditions for electrode action. Much information on the theoretical aspects will be found in recent papers by Maclnnes and Belcher (34) , and by Dole (35) (44) .
The composition of the glass used is important and has been studied by Hughes (23) , Maclnnes and Dole (27) (31) , Elder (29) , and others. Most investigators agree that a soft glass containing about 22 per cent of Na 2 0, 6 per cent of CaO, and 72 per cent of Si0 2 2 gives the best results. Means to effect further improvement in the electrode action of glass are not now apparent, but it is conceivable that the abnormalities shown in very acid and alkaline solutions might be decreased by the addition of other substances to the glass.
Small bulbs with thin walls have been used by most investigators, including Haber and Klemensiewicz (5) , Hughes (9) (23) , Elder and Wright (25) , Voegtlin, De Eds and Kahler (32) , Robertson (36) , and others. Kerridge (20) modified this construction by blowing a local reentrant thin area (0.025 to 0.030 mm thick) in the bulb wall to serve as the active surface. Horovitz (15, p. 345) sealed a relatively thick (0.05 to 0.1 mm) plate of glass on the end of a glass tube. Maclnnes and Dole (27) used an electrode of similar shape, but with an extremely thin (0.001 mm) active surface, about 4 Figure 7 ; but after standing in contact with water for a few weeks, they returned to the original condition.
It has been pointed out by Maclnnes and Belcher (34) that resistance measurements on glass electrodes made with direct current are conventional and that alternating current gives much lower and more accurate results. They concluded, however, that: "It does not appear desirable to change the current practice of reporting the apparent direct-current resistances of electrodes in megohms."
In measurements using direct current, Maclnnes and Dole (27) , (31) applied much lower voltages, either 3.7 or 1.2 volts; Maclnnes and Belcher (34) The glass-membrane electrodes were mounted or connected, not through an inside silver-silver chloride electrode as used by Maclnnes and Dole (27) but through a saturated calomel electrode according to the system of Kerridge (20) (7) east. Set potentiometer by means of U, R, and {10). Using hydrogen or quinhydrone electrode, (1) north and (7) west. Hydrogen or quinhydrone electrode connected to O at north reads on potentiometer, using R and (10) . (6) west for hydrogen electrode. <6) east for quinhydrone electrode and pH below 7 .67. (6) west for quinhydrone electrode ani pH above 7.67 (using saturated calomel electrode). Using glass electrode, (/) south, glass electrode reads on potentiometer, using the electrometer, close (5) to operate (3) , use (9) for remote control of (3) In the equations of Table 2 are shown for illustrative purposes in Figure 5 . Such a diagram is useful for bringing out the relations involved and for quickly plotting the position of an ordinary glass electrode when the conditions are changed. The following relations should be noted: (2) , with all conditions reversed. As before, the sign of E is that on the inside calomel electrode, or + in this case; A, example of a containing type metal-connected glass electrode. pH of the solution to be measured K. The sign of E is that on the terminal S, which is connected to the metal, as is explained in (5); 5, the area within the dotted circle represents in more detail the supposed conditions within the dotted circle of (4) . The glass-metal section can be substituted by two hydrogen electrodes in series, as in (1) This electrode becomes the standard of reference, as in {1) . The sign of E is that on terminal S as in (4) [ Vol. 9 (a) All lines are parallel and have the same ( Useful pH range; (6) The approximate variation in the constant thus determined for the same electrodes over a period of about eight months 8 is shown in Figure 7 .
The change in the constant is evidently due to a change in the initial potential of (or in) the glass. This is usually accompanied by a slight increase in resistance (Table 1) , but without any apparent decrease in accuracy. The change can not, therefore, be definitely ascribed either to increased surface leakage or to deterioration of the i Maclnnes and Dole (31) and Maclnnes and Belcher (34) showed by very accurate measurements that glass of the type used for electrodes did not function linearly in very alkaline (31) (34) or very acid (34) solutions, especially when these were concentrated. In dilute solutions, however, the deviation was less than ±0.1 pH for the pH range used in the present work. This point should be kept in mind, however, whenever work of higher accuracy is attempted with metal-connected glass electrodes. The electrodes were actually used to a much greater extent than is indicated in Figure 7 , but were not always calibrated for other than a required short range of pH, which did not necessarily include the pH constant. Table 5 . (17) using the quinhydrone and by Hughes (23) Britton and Robinson (46) . Horovitz (10, p. 389) thought that he detected a silver electrode function of glass in silver [ Vol. 9 solutions, but this was not confirmed by Hughes (23 The data obtained are presented in Table 6 . Previous types of the glass electrode have been shown by Hughes (9) Maclnnes and Dole (27) The results for the chromic acid and chromate solutions agree roughly with the end points of the titration curves published by Hughes (9) and by Britton (12) (16) and with a measurement by Britton and Robinson (40) 
